Recently, the incorporation of polyaniline (PANI) as an additive into the biofilm to produce food packaging material is of particular interest due to the need to improve in the properties of the biocomposite film. The aim of this work is to evaluate the effect of concentration and size of PANI loading into the film on the antioxidant properties of PANI/starch film with the analysis of mechanical and Fourier-transform infrared spectroscopy (FTIR) spectra. Composite films with 0.02 g, 0.05 g, and 0.1 g of PANI loading into the tapioca starch film were prepared with different sizes of PANI. The antioxidant and mechanical properties of tapioca starch/PANI composite film properties were investigated. The composites exhibited an increase in free radical scavenging capacity (a measure of antioxidant activity), with increasing of PANI loading in the film irrespective to the size of PANI. However, the highest free radical scavenging activity showed in sample B with the distribution size of PANI range 100 µm≤x≤125 µm. In the mechanical test, with the favorable to have more flexibility film rather than hard film, sample B with 0.05 g of PANI loading showed more flexible with high elongation at break (EAB) compared to others. Based on the FTIR spectra, the starch/PANI film spectra were similar to the starch/glycerol without PANI. However, one notable weak pick near 1455 cm -1 can be found in sample B and C with respective to the concentration of PANI loaded. The incorporation of PANI greatly affected the antioxidant activity of the film which affected the mechanical properties as well.
Introduction
Over the last few years, substantial research has been conducted to develop and apply biocomposites polymer made from a variety of agricultural commodities industrialization with a conductive polymer. The functions of composites material synthesized are to compensate each other deficiencies. By combining natural biodegradable with a synthetic functional polymer which relatively new and can lead to entirely new directions in the research of advanced functional materials for the future (Saikia et al., 2010) . Among the many polymers used to develop biodegradable films, starch has been highlighted by the researchers due to its natural polymer from renewable resources, an abundant and low cost which capable of forming continuous thermoplastic materials (González et al., 2016) .
Starch is a polysaccharide produced by higher plants as a function of storing energy (Zareh et al., 2011) . It is commercially available in the form from the isolation of either from grains such as potato and tapioca. Chemically, starch contains both linear (amylose) and branched (amylopectin) structures. Starch-based films exhibit some of the appropriate physical characteristics which are isotropic, odourless, non-toxic, biodegradable, tasteless, colorless and constitute a good barrier against oxygen transfer (Yan et al., 2012; Jiménez et al., 2013) . Nonetheless, starch-based films have been limited due to the poor mechanical, barrier, and thermal properties. Due to these circumstances, the addition of additives such as plasticizers, antioxidant, antimicrobial or others into the matrix will improve the characteristics of the film (Vieira et al., 2011) .
Film characteristics are reliant on the cohesion of the polymeric matrix, which in turn is dependent on the structure of the polymer chains, the film obtainment process and the presence of plasticizers agent itself. Incorporation of plasticizers into the starch-based film is eISSN: 2550-2166 © 2018 The Authors. Published by Rynnye Lyan Resources necessary to increase the flexibility by reducing the polymer intramolecular forces. The most used of plasticizer is glycerol (Chillo et al., 2008; Müller et al., 2008; Liu et al., 2011; Yan et al., 2012) . This is because glycerol is more stable and compatible with hydrophilic bio-polymeric packaging film, starch-based film (Cervera et al., 2004; Chillo et al., 2008) .
Recently, conducting polymer such as polyaniline (PANI) has attracted attention as an antioxidant material by having the advantage to its free radical scavenging properties. Antioxidant is intended to prevent the presumed deleterious effects of free radicals in human body, and as prevention to the deterioration of fats and other constituents of the food products. PANI has been shown to be a proficient and superior scavengers of 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 1,1-diphenyl-2picrylhydrazyl (DPPH) free radicals (Nand et al., 2012) . Several convectional food science radical scavenging assays and accelerated storage procedures have been altered to use solid conducting polymer to estimate the effectiveness of different samples and preparations. In the previous study, PANI has been incorporated in several matrices such as polyvinyl alcohol, polyethylene, polystyrene, lowdensity polyethylene, chitosan and starch to produce conducting polymer (Annala and Löfgren, 2006; Yavuz et al., 2009; Saikia et al., 2010; Nand et al., 2011; Zareh et al., 2011; Bhadra et al., 2017) . However, it is hard to obtain the flexibility with good antioxidant activity composites film without any usage of commercial petroleum-based material. Hence, in this study by using solution blending methods in mixing the starch and PANI powder is investigated to obtain the flexible and good antioxidant properties.
The aim of this work is to evaluate the effect of concentration and size of PANI loading into the film on the antioxidant activity of PANI/starch film with the analysis of mechanical properties and Fourier transform infrared spectroscopy (FTIR). In the present work, starch/PANI composites film is prepared by using solution casting method.
Materials and methods

Materials
Aniline (Sigma Aldrich (M) Sdn. Bhd) was purified by vacuum distilled under reduced pressure prior to use (Bhadra et al., 2017) . Ammonium persulfate (APS), hydrochloric acid (HCl) and glycerol were purchased from Sigma Aldrich (M) Sdn. Bhd. Tapioca starch (food grade) was obtained from LGC Scientific Sdn. Bhd.
Synthesis of PANI
PANI powders were synthesized chemically according to the procedure Nand et al. (2011) with slight modification. 50 mL of 0.5M APS solution was added to 50 mL containing 1M aniline with 1M HCl and vigorously stirred in the ice bath. The mixture was allowed to react for 2 hrs, the PANI was stand in the chiller at 5⁰C for 24 hrs. Then, the PANI solution was separated using vacuum filtration technique and washed repeatedly using distilled water and methanol until the supernatant becomes colorless. Then, the supernatant was dried in the oven at 40⁰C for 24 hrs. The dried PANI was then ground using dry grinder for 10 mins and sieve using several different sizes ranging from 50 µm to 250 µm.
Preparation of starch/PANI biocomposite film
Several samples with different compositions were developed using the same protocol for solution casting method as in González et al. (2016) with some modification and the compositions of the composite films are listed in Table 1 . The homogenous filmforming solution was prepared by dispersing tapioca starch (4.0 g/100 g system) in distilled water (95 g/100 g system) and was heated gradually up to 70±5⁰C with stirring. After achieved gelatinization state, glycerol (1.0 g/100 g system) added with the PANI and kept for 5 mins. Then, the solution underwent sonication for 5 minutes (Chang et al., 2010) to homogenize the solution. Then, 40 mL of the solution was poured into 14 cm internal diameter Petri dishes resting on a levelled surface for casting and the films were dried at room temperature for 4 days. After completely dried, the film was carefully peeled off. The film was stored in the seal plastic film at 57% of humidity (Xu et al., 2005) .
Characterization
Mechanical analysis
The mechanical properties were studied using Universal Testing Machine (Instron Model 5566, United State) with a load cell of 10 kN according to ASTM D882-02 (2002) . Film sample strips, using a size of 100 x 15 mm, were cut from each kind of composite films. Before testing, the thickness of the sample was measured using a Digital Vernier Caliper (Model , Japan) at ten arbitrary points of the film. Then, the averages of these values were used to calculate the crosssectional area of each sample. The end of each specimen was mounted using a utility tape to prevent cracking and slippage of films during testing. Force (N) and deformation (mm) were recorded with cross-sectional test speed at 10 mm/min.
Free radical scavenging activity
An adaption of the DPPH assay for use with polymeric samples (Hsu et al., 2008; Hsu et al., 2011) was applied for the assessment of the composites film. The 20 (1 x 1 cm 2 ) film pieces were added to 20 mL of a 55 µm methanolic DPPH solution. The samples were left to react in the incubator for 24 hrs and after which the absorbance of the supernatant at 516 nm was measured using a UV Spectrophotometer machine. A blank DPPH solution without sample was also set up as a control. The amount of DPPH + which reacted over 24 hrs period was then calculated after subtracting away the background loss of DPPH + solution without sample.
Particle size analysis
Particle size analysis was analysed by using Mastersizer 2000 (Model APA2000, United Kingdom) laser diffractometer for the analysis of size distribution in different group size of PANI. The measurements were conducted using Hydro MU dispersion units with distilled water as a dispersant.
FTIR
FTIR spectra were recorded on Thermonicolet (Model Nicolet 6700, United State) spectrometer and transmission spectra were obtained by forming thin transparent potassium bromide (KBr) pellets (Saikia et al., 2010) .
Results and discussion
Antioxidant activity
The antioxidant activity of a material greatly depends on the capability of the material to donate hydrogen for reducing DPPH and therefore the structural conformation of the materials plays a vital role in its antioxidant activity (Saikia et al., 2010) . The free radical scavenging capacity, of the starch/PANI composites, are presented in Figure 1 . Advantageously, starch itself to be known to have the ability to scavenge the free radical of DPPH although in a very little activity (Saikia et al., 2010) . In this study, tapioca starch shows the antioxidant activity with 5.33% DPPH scavenging activity.
Many researchers have explored the mechanism of the reaction between aniline and DPPH (Wang et al., 2007; Saikia et al., 2010; Nand et al., 2011; Nand et al., 2012) . After 24 hrs reacting PANI with DPPH, the emeraldine salt form gets converted into fully oxidised pernigraniline form which does not possess any hydrogen atom for reducing DPPH. By loading the bulk PANI into the film, it has been observed that the antioxidant property of the composites increases with the increase in the concentration of PANI. This result is in agreement with the findings by Saikia et al. (2010) . This trend was repeatedly showed the same for three different size distribution of PANI. This can be attributed to the fact that PANI owing to its redox-active nature is efficient in scavenging the free radical DPPH and such with the increase in the antioxidant activity of the material. This is due to the more hydrogen atom available to be donating to eliminate DPPH. The C-N and C-N + groups in the PANI structures are important units when it acts as DPPH free radical scavenger. The C-N and C-N + groups are oxidized through C≡N species is a possible mechanism in this reaction (Hsu et al., 2009 ).
The result for DPPH radical scavenging capacity of the starch/PANI samples affected by the size of the PANI loaded was in the following order: sample B > sample A > sample C. The highest DPPH radical scavenging capacity obtained was 21.83% (sample B3). Based on the specific surface area of the particles obtained from the particle size analysis earlier, sample A and sample B has the slightly similar specific surface area which area 0.127 m 2 /g and 0.1 m 2 /g respectively. Meanwhile, specific surface area sample C has the smallest specific surface area, 0.0748 m 2 /g. It can be noted that sample B was in the lowest oxidation state and thus has the higher capacity to act as reducing agent in scavenging DPPH radicals in compared to sample A and C. Although sample A has the biggest surface area, but the volume of the particle for the mean diameter distribution is lowest than in the sample B. Due to this reason, sample B has the highest scavenging activity. This result is in agreement with Nand et al. (2012) , small size of PANI had lower conductivity hence will have the highest radical scavenging activity than the large size of PANI. This further indicates that electroactivity, including the state of oxidation is the critical aspects to be considered of conducting polymer performance in radical scavenging test (Nand et al., 2012) .
From Figure 1 , it can be seen that the free radical capacity of the composite film increased with the increase in the PANI loading. PANI reduces the DPPH radicals by donating hydrogen atoms, while the PANI segments are in turn oxidized to the pernigraniline form when in contact with DPPH radicals (Nand et al., 2011) . Therefore, a higher free radical scavenging capacity was achieved by having a higher concentration of PANI particles being exposed to the DPPH test solution.
Mechanical properties
The mechanical properties of the films are interrelated to the chemical structures of the composites material used (Choi et al., 2017 Table 2 ). Figure 2 shows the size distribution of the PANI loaded into the film. From Table 2 , it is evident that the TS and EAB depended strongly on the concentration and size of PANI loaded into the film.
As in Table 2 , the TS of the starch/PANI composite film decreased drastically in compared to starch film without the addition of additives. This relates to the addition of plasticizers or any additive because it is intended to decrease the intramolecular forces along the polymer chains, increasing the film flexibility but decreasing the TS (Chillo et al., 2008) . With increasing of the PANI loaded into the film from 0.02 g to 0.05 g, the TS decreased initially but increased back at 0.1 g of PANI loaded into the film irrespective to the size of PANI. PANI is known to be a rigid material when more than 0.02g of PANI loaded into the film, the rigid or brittle characteristics of pristine PANI become dominant as the TS of biocomposite film decrease substantially. In addition, this is also due to the insufficient interfacial adhesion material between starch and PANI (Annala and Löfgren, 2006; Nand et al., 2012) . Meanwhile, at higher concentration of PANI loaded into the film, 0.1 g, the TS increase. This is due to more molecular mobility between the polysaccharide chains and thus it enhances the initial plastic effect. The free volume between the adjacent chains of polysaccharide is increasing and making the structure more fragile (Maran et al., 2013) . In term of the particle size of the PANI, the trends of the TS of the film shows a similar trend for each of the PANI concentration. It is clearly shown that the film containing PANI powder in the range 50 µm and 100 µm provided higher tensile strength compared to others range size of PANI. The smaller the mean size of particles (as shown in Figure 2(a) ) and the narrower the size distribution, the more effectively the particles will enhance the toughness of the matrix. Therefore, small size of the PANI powder is necessary to increase the tensile properties. Unfortunately, the TS of the PANI decrease for the particle size of PANI 100 µm≤x≤125 µm and increase back for the size of PANI 125 µm≤x≤250 µm. The increment of TS occurs because the particles containing large particle size (as shown in size distribution in Figure  2(c) ) that promote the film damage due to the large pores and crack of the film after stretch.
The EAB of the starch/PANI composites film shows different trends with respective of different concentration for different size of PANI. As a result, the EAB for the particle size of PANI in the range 50 µm to 100 µm reduces with increasing of PANI loaded. This due to the rigid or brittle nature of small PANI which distribute well through the film hence reduce the flexibility (Bhadra et al., 2017) . On the other hand, for sample B1 and C1 which contained more higher PANI aggregation, showed highest EAB value. It is due to the movement and rearrangements of the macromolecules chains of the matrix caused the increase in the flexibility (Maran et al., 2013) .
FTIR spectroscopy
The FTIR spectra (Figure 3) and their corresponding peak assignments describe the effect of the loading amount and size of PANI on chemical interactions of starch/PANI composites film. The pure starch, starch with plasticizers (glycerol) and PANI powder are also included for the better comparison.
In the pure tapioca starch, the characteristics of the broad band for O-H group (in the presence of H-band) of starch appears at 3252.97 cm Zareh et al. (2011) . Meanwhile, the comparison between the pure starch film and starch with additional glycerol showed one different band at a higher wavelength that exhibits the interaction between the starch and glycerol. As seen in Figure 3 , there are band changes associated with -OH groups. This suggested the number increment of oscillation modes that could be attributed to the presence of new hydrogen bonding interactions (Garcia et al., 2009; Liu et al., 2011) . The presence of new hydrogen bonding could be interpreted from the peaks 991 cm -1 to 994 cm -1 that shows stronger and narrower band. The double peaks of O-C stretching at this band is a result from bending both 'O' of C-O-H and 'O' of anhydrous glucose ring in starch molecules (Liu et al., 2011) .
As depicted in Figure 3 , the characteristics peaks of pure PANI were compared in the previous literature (Saikia et al., 2010; Zareh et al., 2011; Bhadra et al., 2017) . At 1539 cm -1 and 1456 cm -1 can be assigned to vibration of quinoid ring (N=Q=N) and benzenenoid ring (N-B-N) , respectively. The bands at 1282 cm -1 and 1230 cm -1 corresponding to C-H stretching vibration with aromatic conjugation.
The spectra of starch/PANI composites were very similar to the spectra of pure starch which is in agreement with the study by Nand et al. (2012) . Although the presence of PANI in the composites was evident seen with naked eyes and others tests done, peaks that corresponding to PANI were not seen in the spectra of the composites as the PANI loaded was at low (Figure 3(b) ) and C (Figure 3 (c) ) with the respective to the concentration of PANI loaded. This can be due to the contribution from the benzenoid ring (N-B-N) of PANI. In sample A (Figure 3 (a) ), this peak was not seen due to the distribution size of PANI was small compared to another sample. The pick near 1149 cm -1 to 1155 cm
attributed to the C-O stretch in C-O-H prominent in sample C rather than sample A and B. This indicates in sample A and B suggests there is loss of moisture absorption capacity of the composites (Saikia et al., 2010) .
Conclusion
In the present work, starch/PANI composite film with different concentration and size of PANI loaded were prepared using solution casting method. As an overall, from the result obtained, concentration and size of PANI loading into the starch/PANI film does give an effect on antioxidant activity, mechanical properties and FTIR result. The biocompatibility of starch/PANI composite film in term of antioxidant is found to be affected by varying the concentration and size of PANI loaded into the film. The composites exhibit an increase in free radical scavenging capacity (a measure of antioxidant activity), with increasing of PANI loading in the film irrespective to the size of PANI. However, the highest free radical scavenging activity occurs at sample B with distribution size of PANI range 100 µm≤x≤125 µm. By testing the mechanical, free radical scavenging activity and FTIR, it shows that concentration and size of PANI loading do affect the characteristics of the starch/ PANI film. In the mechanical test, the starch/PANI film shows significant difference in term of TS and elasticity properties compared to starch/glycerol film without PANI. Due to the incorporation of rigid and pristine PANI become dominant in the film which affects the strength of the film. Moreover, the TS of the starch/ PANI film becomes higher at higher concentration, 0.1g of PANI, due to the molecular mobility between the polysaccharide chains that enhance the initial plastic effect. In contrast with the particle size distributions, the sample shows a decrement at the small size of PANI and increment at bigger size range of PANI loading. This is due to the distribution of the different size of PANI incorporate into the film that gives the effect on the damage and crack on the film. The elasticity of the composites film also shows significant changes with different particles size and concentration. The elasticity of sample B (100 µm≤x≤125 µm) with concentration of 0.05 g has improved by 21% compared to the starch/ glycerol film. Based on the FTIR spectra, peak found in the starch/PANI film were similar to the starch/glycerol without PANI are seen due to low concentration and its distribution would have been largely diluted by the presence of starch. However, one notable weak pick at near 1455 cm -1 which can be found in sample B and C with respective to the concentration of PANI loaded. 
